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Photo of a large pond in San Juan, Texas covered by water
/acinths to help improve water quality. Inserts depict water
acinths being harvested from the Disneyworld water hyacinths
isting facility at Lake Buena Vista, Florida and a duckweed
wered treatment pond near North Biloxi, Mississippi.
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AQUATIC PLANT PROCESSES: SESSION SUMMARY

Frosentatlons In this sesslon coversd wastewater treatment ubilizing vas-
tular aquatlie plants with water hyacinth (Elchliornia crassipes) being the
predominace plant discussed. The potentlal of more cold tolarant plancs
such as duckweed for treating domestlic wastewator was briefly discussed,

Results of these studies clearly demonstrate the potential of higher planta
liw both domestle and Industrlsal wastewater treatment, Wastewatar lagoons
are the most popular and inexpensive mechod of treacting domestic wastewater
Iln small communities. Data on upgrading sewage lagoons Ln Missinsaippi and
Texas presented during the seminar demonstrated the potential for using
this technelogy [or improving the performance of lagoons located Ln warmer
reglons of the United Sctates, Fotential problems assocciated with using
witar hyaclnth Eo upgrade sewage lagoons were identified along with aug=
gestod solutions. z

When plant coverage {8 complete, single cell lagoons with BODs loading
vatos In excess of 40 kg/hafday without aeration are subject to produclng
odors, especlally at night when the plants are not photosynthesizing., Multi-
celload lagoona with surface aerators in the raw dewage cell and single coll
lagoons with maximum BODg loading rates of 30 kg/ha/day are the best candi-
dates for upgrading these lagoons uslng water hyacinth or duckweed,

Data on the use of water hyacinth for tectlary troatment In Florida was
presented.  The data suggest that all parameters for tertiary treatment
with tha posaibla exception of phosphorus can be met in south Florlda
uslng approximately one acre of water hyacinth per 379 md/day of wastewater
olfluent from an actlvated aludge plant., Because the ratio of HiP (g water
hyacinth plant tlssue is approximately 6:1.apd the ratic in wastewater
approximately 3:1, nitrogen in depleced firsc and becomes a limiting factor
+ biffore the phosphorus Is reduced below 1 mg/l.

Engineering data was also given for designing optimal water hyacinth and
duckweod sewage treatment syatems to achleve secondary and posaibly tertiary
trcatment quality in small communities.

[l 3 5 *
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ENGINEERING DESIGN DATA FOR SHALL VASCULAR AQUATIC
FLANT WASTEWATER TREATHMENT SYSTEMS

. €. Wolverton, Mational Space Technology Laborutories, ERL, HASA,
NSTL Statlon, Misslssippi 139529 '

A guneral background of the research findings of the National Aero-
nauties and Space Administration's Vascular Aquatic Plant Program usaug
highur plants such as the water hyacinth (EYehhornia erageipoy) and ducke
wewed (Lwma sp, and Spirodela sp.) to trear domestic wastewater s pra-
mentid,  Hew data on a small two cell lagoon system using only duckweed
is lncluded, Further laboratory experiments were conducted te correlatce
Wiblle removal with known wet masses of water hyacintha. The data from
thesce experiments with domestic wastewater indlcates that an average
total BODs removal rate of 4.0 mg BODefgram WW {wer weight) could be
dauhivved with a seven day retention time. When a phenel solution is Blb=
Htltutwd for the wastewater, the average tocal BODs removal is 3.5 mg
il feram WW (wet welght) in seven days. This data along with the re-
tules of the previous fleld experiments Ls used to develop design crite-
ria for small domestic wastewater treatment systems servicing a maximum

« L0000 people. The criteria for those uystems addrusses the problems
ol HUDS  reduction, total suspended solids reductlon, odor control, and
sludge aceumulation,

INTHUDUCT LON

In the Uniced Scates, wastewater lagoons are the most popular and
invxkpensive mothod of traating domestlc wastewater in small communicics.
Moeusands of these lagoons exist throughout the United States for Eréat-
ing domestic sevage and various type animal and induscrial wastevaters,
Wastewater treatment lagoons vary [rom single to multiple celled systems.
sumi of the sarlier sewage lagoons vare Improperly designoad and econstruc-
tud causing shore circuiting, reducing the effective detention time and
contributing to high BOD and suspended solids in the lagoon ef Fluent,
Today sufficient inforaation is available to provide a basis for rgticnal
dusign and corstruction of wastewater treatment lagoons, For in depeh
informacion on wastewater treatment lagoons see Gloyna, ! Middlebrooks®
and Oswald, '** Lagoon systems constructed in Fecent yoars are usually
uffuctive In BOD reduction; however, excess algae can srill cauge high
suspunded solids in the lagoon effluent during warm, susmer months,
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WASA at the Hatlonal Space Technology Laberatories (HSTL) has been
using higher plants for five years to uEgradn wastewnter treatment la-
poons and treat chemical wastewaters.''*"’ NSTL has also been conducting
wrudtes direcced toward using higher plants to recycle waste In future
space statlons. The controlled wse of higher plants such as water hya-
cinths (Eichhornia crasaipes) and duckweeds (Spirodefa sp., foma sp. and
Wef fia sp.) In conjunctlon with waste stabllization pomds not only in-
creased rhe BOD removal capacicy of these systems, but also reduced the
high total suapended solide normally assoclated wich sewage lagoons.
Higher plants reduce suspended solids in lagoon effluents by reducing al-
gae which make up a large portlon of the suspended solids, HNitrogen,
phosphorus, petassium, sulfur, calcium and other minerals can be removed
from domestic sewage by harvescing the plant blomass, This harvested
plant material is alse a potential source of energy, lectilizer, feed,
ford and other products,

one important question about the design of vascular aquytic plant
waste Creatment systems that has not fully been detormined or fully
undersgood yet is the BOD removal rate that can be expected for this type
mystum, The experiments Iln thls report were designud to addross this
awnknewn and achieve reproducible and quantitative answers to this quues-

g honn. Hesults of thesa éxperiments and previous flold studlios wiure com=
bined to develop design parameters for cnergy-efficient waste treatment
wentums for small communltlos using vascular aquatlic plonts.

HACKGHULKD

In addicion to upgrading all wastewWatar treatmunt systams at NSTL
using water hyacinths and duckweeds, MASA has conducted several field
wiwdios with local communities in South Hiasissippl directed toward im=-
praving their lagoon systems using higher plants. Systems described here
will inelude two single cwull lagoons, one at NSTL and one at Lucedale,

, Minsisnlppl, and two mulci=cell lagoons at Orange Grove and Cedar Loan b
duvelopments at Culfpore and Billoxl, Miassiasippl, respectivaly.

The single cell lagoon ac NSTL has a surface area of 2 hectares and
an avuroge depeh of 1,22 meters, The average flow rate ol 475 m/day
resulted in a detention time of approsximately 54 days. The BODg loading
rate Lln thls lagoon averages 26 kgfhafday, which constitutes a relacively
light load., Before water hyacinths were added te this lagoon, the raw
somage entering at the center of the system averagaed 91 mg/l BODg and
70 mg/! toral suspended solidas (T85) with effluent averages of I? mg s |
BOLg and 49 mg/1 TS5, Coencentrotions of BODg and TS5 during & 14 month
water hyacinth covered study period were: Influent BODs 110 mg/l and T3S
97 mpll, and effluent BODs 7.4 mg/l and TSS 10 mg/1.* Plants harvested
from this lagoon contained 2.73% kjeldahl nitrogen and 0.45% total phos-
phorus (dey plant welght). i

A single cell faculeative lagoon located at lucedale, Misalssippl
wau studled extensively with and without water hyacinth coverage.” This
Lagoon has a surface acea of 3,6 hectaves (9 acres) and an average depth
of 1.7) meters, Lagoon effluent flow rates during 100X water hyacinth
coverage averaged 935 md/day. The BODg loading race was 44 kg/hoctare/

" uny. before water hyacinths were added to thia lagoon, the raw sewage
entering averaged 127 mg/l BODs and 140 mg/l TS5 with eff luent averapes
al 57 mg/1 BODs and 77 mg/l T35, Concuntratlons of Bibg and TS5 during
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the study period wich complete plant COVETAgE wepe: influent, 161 mg/ |
BODs and 125 mg/1 T535; effluent, 23 my/f) BODS and 6 mp/1 TS5, With come
plete vater hyacinth coverage this lagoon was almose entirely anaerobic
with only traces of dissolved OXYRen near the surface In the plant root
tone, This condition produced adors ag night when the plants wore not
phn:naﬁn:hesi:inl. The BODs loading rate of 44 hnfhuctqufdny producad
oders at night from this lagoon; whereas, a leading rate of 2§ kg/heccare/
day in the NSTL lagoon produced a relativaly odor fres dyatem when cov-
vred with water hyacinths, Planca harvested from this syatem contained
1,562 kjeldahl nitrogen and 0,891 total phosphorus (dry plant weighe),

A complex lagoon system at Orange Grove, Mississippi was used for
coenducting a 12 month Study with water hyacinths in effluent from seraced
lagoons,”  This System consisted of cwo large aerated lagoons fol lowed by
three parallel unaerated lagoons. The flow rate into the water hyacinth
covered lagoon averaged 1000 m¥/day. This lagoon had a surface area of
0.28 hectare and an average dapth of 1.83 m. The flow rate reauleed in
an average detentdon cime of 6,8 days. The BODg of the influent ehter=-
ing this lageon averaged 30 mg/1 with an annual effluent average of |4
mgfl,  The tatal suspoended sollds enterlng averaged 49 mgfl with an ef-
tluent average of 15 mgSl, A parallel, control lagoon without water hya=
clnth demonstrated of f luent concentratlons of 37 mg/| BODs and 53 mg/i
T55. Freezing temperatures occurred during this 12 month Htudy perlod
kEitling the tops of the plants, and tho decay of this large amount of
blumass elevated che BODs and TSS levals in the effluent during the
months of January, February, and Mareh, Howewver, the water hyacinth coy-
vrid lagoen selll maintained the low of Fluent BDe and TS5 AVErages well
bulow the pormit lavels of 30 mg/l wach, Because of che 1,83 m {56 Fi)
dupth, cthe dizgsolved CHYREN averaged 2,0 gl In the effluent but was
increased to 5 mg/l fallowing a 0,9] = {3 fe)y drop to a dralnage diteh,
Plants harvested from thisg system contained a 3, 74% kjeldahl nitrogen and
U.B5% total phosphorus (dry plant W lght), Evapotransporacion ractes cam
be expected to reach ag high as 40% of the total influent volumes per day
during hot susmer months, This characteristlc was not considered in the
interprecation of these field studies; therefore, the elfluent BODs and
TSS concentrations sheuld ba up to 40% less during the Summer mowthas,

A lourth system which is 8till being studied is a4 twe cell lagoon
Syntum located at Codar Lake development in Herth Biloxi, Hlaa:aslppi.
This system shown in Figure | has been in operation for 9 years. It has
bean receiving its present load of approximately 49.2 md/day (13,000 gal;
day} from 51 homes for 7 Years. This system wax designed as a Convan=
tional, two cell lagoon with aeracion in tha firse cell. The flrst cell
has a surface area of dpproximately 0.08 hecrare (0.20 acre) and an
average depth of 2.4 m (8 fe)., The average flow race of 49,7 . fday
results In a decention cime of dpproximately 36 days, The BOD; loading
In this lagoon is approximatoly |28 ki/hafday (114 Ibfac/day).” The
suvond cell has a surface area of 0,07 hecrare (0. 18"aere) and an AVET=
dge dupth of~ 1,5 o (5 fe) with a decentfan Elmu ol approximately 22 days,
Four years ago duckwood coverage of the gecond, unaerated cell OCCurred
Lhrough natural meand, and NSTL starced monitoring this syscem in April
1979, Prior to this datg monitoring had not been conducted; thereforn,
background data without duckweeds is nog avallable at this ¢ ime, In Hay
approximately S0% of the duehweed coverage was removed for the lirse
time In four years, The 5 hp surface Agrator in the first cell was ro-
duced to oporacing only at night. From Hay to December 1979 {see Table 1}
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“*5 HP/FLOATING AERATOR
USED ONLY AT NIGHT

ALG AE- 08 ha surface (.20 acre),
SURFACE 2.4 m doep (8 ft)

X

DUCKWEED
COVER 07 ha surface (0.18 acre),

1.5 m deep (5 fe)

ANAEROBIC EFFLUENT
+ 3L m drop (3 ft)

AEROBIC

Figure 1. Sewage Lagoons Serving Approsimately 200 People--Cedar Lake
Devolopmoent Biloxi, Hisa,
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Table 1. Monchly Average Data of T5%5 and BOD for Duckweed Lagoon System Located
at Cedar Crove Development in Bilani. Hisgizssippi.

%]}

] TES, mg/l BODs, mg/l
Moath, 19'.'1'; Aerated Lagoon Duckweed Lagoon Aerated Lagoon Duckweek Lagoon
Iafluent | Effluent” Effluent Influent | Effluent® Effluent
May 178 387 10 200 64 20
June 194 176 - 203 67 28
July 420 108 16 138 34 13
August 271 113 8 160 13 1 10
September | 233 132 22 173 20 17
October 173 a5 1% 171 15 B
November 142 6l 11 290 29 10

* Also Influent to Duckweed Lagoon




the raw sewage cntering tho asrated cell averaged 191 mg/l DBODS and 230
mp/l T35, Average influent and effluent concentrations of BOD; and TS5
al the second duckweed-covered cell were: Influent, 35 mg/l BODg; offlu-
ant 15 mg/l BODg; Influent, 155 mg/l T85; effluent, 14 mg/l TS55. The
duckwoud coverage on the second cell averaged 2 em in depth produclng an
olor free anaerobic system 24 hours a day. The effluent dissolved oxypen
concentration was 0.5 mg/l leaving the lagoon, but Incroased to 5 mg/l
after dropping 0.91 m (3 fr) to a drainage direch.

REMOVAL OF BLOCHEMICAL OXYGEM DEMANDING (BOD)
SUBSTANCES BY HICHER PLANTS

From (leld studies’ data where wvater hyacinths wers grown in domen=
tic sewage lagoons, one can readily see that an additional reduction In
BUD ts taking place that can be attributed to the plants.”'® Because of
the nature of most sewage lagoons with thelr long detention times and
complun microblal make=up, controlled laboratoery studies are desirable on
BiM) removal rate to obrain morg exact quanticacive data. Laboratory
atvidlisn wore conducted st WSTL undor wide gpectrum growth lights with 14
hour photoperlods in an effort to obtaln more exact BOD data. FPhenol, an
wrginle ehemleal, was also used In these studies to further demonstrate
the ability of water hyacinths to absorb, metabolize and remove BOD in a
wioi bar manner to microorganiame. Donuatlc wastewiter condists of o com-
pliex mixture of chemicals including phenol and related organics. The Inl-
tlal volumes of raw sewage or phenol aolutions were vacled In order to
wary the depch and surface to velume ratle. Some containers were left
(v of water hyacinths as controls to determine the bacterial coneribu=-
tion te BUD removal. In order to assure the same type of bucterla would
bie prusent in the centrols that were associated with the water hyacinth
rowts, the plant roocs were flrst dipped in all control solutlons for
bacturlal seeding, Total bacterial counts and 5-day blochemical oxygen
alimands (BU0g) were analyzued according to Standard Methods, '®

ftesults of these cxperiments are shown in Tables 2-4. This daca in-
dicares char che water hyacinth alene can be expected to reduce BODg of
dumest ic sowapge by an average of 1.5 mg BODg per gram of plant mass (wet
welght) with Liquid detencion times of & cto 7 days. Water hyacinths and
microorganisms together can be expected to remove an average of 4.0 mg
Bublig fgpram plant mass (WW) with the same detentlon timed,

The ability of water hyacinths to remove BODg produced by other sub-
stances such as phenol is demonstrated In Tabla 4. This data Lndicates
that water hyacinths and microorganisms can remove 1.5 mg BODs/gram plant
 mans (WW) [rom agueous solutlons in 7 dayas contalnlng 100 mg/l phenol.
The BUDg removal due entirely to the water hyacinth was .4 mg BODsfgram
plant mans (WW)., These valuea are consistent with those found with do-
mesile sewaypu,

Thuese B0 removal rates wores achiluved wich Jally growth rates of 3=
hi: whereas, field studies have shownm average daily growth rates as high
as GF when watdr hyaclnths wore grownm in sowage lagoons in South Midale-
sippl.'® The BOD and suspended solids removal rates are not entirely de-
pundent un growth and harvescing rates| whercas the removal of nutrlants
such as nitrogen and phosphorus is dependent on chese variables.  The HOD
cumsval rate 1s dopendent on root absorption and metabolie functlons; the
suspended sollds reduction appears to be assoclated with algae elimina-
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Table 2. S=day Biochemical Oxygen Demand
in Baw Sewage With and Withour (

(BOD_) and Bacteria Concentragions

ContTol) Water Hyacinths.

Experiment :IZ:h Ui E'ms mg/l mE Bmﬁ removed/ | ™& BG:I- M:nw.:d,n" Bacteria, count/100 ml
WHS, g | Initial | 3rd Day | 6th Day 6 days (6 day exposure) Imitial 3rd Day 6th Day

1. w/WHs | 1,860 | 60 | - 5 1,070 2.2 g.0x10° | — |3o0x10?
2. Control 0 sa R 24 2, 664 —- g.ox10° | — |31x10°
3. Centrol 0 60 | -— 35 1,850 — AR o QRS O 10t
4. w/WHs 2,140 160 48 9 12, 664 5.9 T.Tx lﬂs 1.0 x 101 1.0 :lr.!.I:I"l
5. w/WHs | 2,000 | 180 38 7 12, 802 6.4 7.7x10° | 6.5x10% | 5.0 x 103
6. Contral | o 180 | 100 65 8, 510 o= 2.7x10° | 3.6x10% | 1.4 x10°

Conditions: Mean Atmospheric Temperature: 22°C

Volume of Raw Sewage: 74 |
Depth: 61 em
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Table 3. 3=-day Bioche=ical Omypen Demand -530533 And Bacreria Concentrations
in Raw Scowvage With and Without [ContToll Water Hyacimths.
o triswent 1 ;:ih Total EI-UD:. mEil mg Eh‘.'l'l.'l!. removeal — Hu:h.i::uww Bowcteri, Countf 100 ml
WHS, g | itia) | 4t Day | Yok Doy T days {7 day vapodure) Enaticd Ath Doy Teh Dy

1. w/WHS 204G 194 b =0 2040 4.0 THTC 1.0 x llcr5 3d x m‘?
s, wiwlis | 429 150 10 20 2040 3.7 INTC | 3.0x10° | 231 x10
3. w/wHs | 413 | 190 38 71 2030 Ly T5TC | nLox10° | 208x10°
i Contral o 190 | 170 85 1260 — st | nox10® a0
5 wiwis | 376 112 | es0 | =m ~o1050 s g 2.0x10° [*3.3x10° [**235x10°
6. wiwms | w1z | ns 16 18 1130 2, zoxwt | nszi® ] zraned
7. wiwhs | 386 | 12 1z 22 1040 2,8 zox10® | zrx10® | n2x20°
5. Contrel 0 112 76 18 768 — 2ox10® | s+ TeTC | 4.5x10”
9. Costrel | © 112 &9 50 624 -—- 7.0x10° | 21x10% | 31x16°
10. Cootrol | 0 112 &0 18 768 = 2.0x10° | 22x10%° | 36x10°

* 3rd day for wperimonts =10

Conditions: Muzn Atmospheric Temperature: 23C
Volume of Wiw Sewape: 121

%+ gih day for ogpoeriments 3-10

Doepth: 13 cm

sxe TRTC - Too nUmeroes Lo count
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Table &. S—day Biochemical Oxvgen Decand (BOD. ) and Bacteria Concentrations im
100 mg/l Phenc: Solutions With and Without (Control) Water Hyacinths

wﬁma:t i‘z‘: Total BOD,, mg/l mg BOD, g B“:ﬂ:;“m“’ Bacteria, Count/100 m]
E:,: Initial | Tth Day remwedﬂy: (T day ﬂ:pum:l Initial Tth Day
1. Coatrel 0 160 114 184 — 106 x 10° | 250 x 10*
2, Control 0 ]-'E'D 120 160 -':' 148 x 1“5 5] x 1&4
3. Control 0 160 115 180 —== i15:105 174 xlﬂi
i w/WHs | 155 160 35 500 3.2 10x10° | 61 x10°
5. w/Wis 200 160 37 292 2.5 37 x 1&5 82 x 10°
6. w/WHs | 298 160 35 500 1.8 143x10° | 24 x10°
7. Ceatrol 0 235 136 396 — 3x10® | 34x10°
8. Control 0 235 115 480 —— 1 x10° TNTC
9. Control 0 235 116 476 —_— o % m’l ——
10, w/WHs | 120 235 26 636 7.0 1x10° | &0x10°
11. w/WHs | 242 235 15 880 3.6 1x10® | 3x20°
12, w/WHs | 283 235 28 824 2.8 1 x 10" TNTC

Conditions:

Mean Atmospheric Temperature: 29°C

Depth: 13 em

Volume of Phenol Solution: 4 1




=

tlon prioc to discharge.

DESTIGN PROPOSAL FOR DOMESTIC WASTEWATER TREATHENT
SYSTEMS USING HIGHER PLANTS

Fleld and laboratory data collected durlng the past filve voars at
HSTL Lndicate that a combination of conventional sowage technology snd
the controlled growth of higher plants such as the water hyacinth uand
duckwued can produce 'cost effective, advanced Wastawatar €reatmont Bys=
tums In warm to moderate climate zones. Proposed designs for sowage la-
koons uslng water hyacinths and duckweeds to treat domentle wastowiter
for small communities of 500 people or less is shown in Flgure 2. The
siume type system for treating wastewater for comsunitles of 1000 ta W00
puople 18 shown in Flgure 3. In arriving at the following proposed de=
sign charactaristics, four problems had to be addrasseds (1) #ludge ac=
cumulacion, (2) edor control, (3) BOD reduction, and (4) tptal susponded
solids removal, Nitrogen and phosphorus removal must alse bo considered
LT terciary créeatment i1s required,

In order to minimize sludge handling probloms, deep lagoons approxi=-
mutuely 3 m (10 fe) in depth, with small surface arcas appear Lo be ghe
mest practlcal method for initial treatment and sludge collection. Buaap
lugoons reécelving rav sevage have advantages and disadvantages. These
lagouns act as anaeroble digeaterﬂ, prnducinﬂ foul odors dus to the lih=
vration of hydrogen sulfide gas during the sewage digestion PEOCESS,
Approgimatuly 1l4g (0.25 1b) of slude per person s generaced daily in
damsestie devage., The total seceled solids in sewage can be reduced by
A=500 and glven off as gases If the sludge is anavrobically digosced, '’
Yuearly sludge aceumulation per person alter anacrobic digestlon is ap-
proximitely 23 kg (51 lbe), The propoded desipgn In Flpure & shioald ol low
approglmitely 100 years of operation with 500 peoplo before prosenting o
sludye removal problem. The design in Figure 3 should operate for ap-
proximately 30 years with 3,000 people before sludge removal 18 newdud.
Anucroble digestion for the Initial treatment of raw suwWwige ot only
roducus the sludge solids, but slso. reduces the complexicy ol BOD sulb-
stunces and the concentration of toxic heavy metals when present . Sul-
e produced durlng snaeroble digestion will react with soluble heawy
muetal jons to form a metallie sulfide precipitate that is relacively in-
st lulslu ac pH near 7.0, Approximately 1.8 to 2.0 my of hgnux mekala can
be pruciplitated as metal sulfides by 1.0 mg of sulfide (5 ).

In order to eliminate odor emlssion when anacrobie treatment is
used Ln the first step, it is essential for the first lagoun to contain
a photosynthetic avrobie zone, mechanleally aerated surface zono, sur-
luve sealer, or a combinatlon of these features. The most rellahle
weans of assurlng an aerobic surface zone for odor control Dppedrs ta bu
thu limited use of surface serators. Studles in Higsissippl with the
syvtum depicted in Figure | have shown that the use of gurface AUTALOrs
during dark hours and photosynthetlec algae during daylight hours effec-
tively controls odors with minimum aeration cost, A Limltwd omount ol
rescarch has been conducted by NASA on the use of Juckwoed au a4 plto=
synthotic surface sealer for small anaurobic lagoond, The ube of duck=-
weeds would eliminate the energy requlrements of supplemental mechanical
avration. BODg reductions in uxcess of 70X at hydraulfe detunt Lun
tlmes of 1.2 days In anaerobic ponds was noted by Oswald et al.' Deten-
tivn puriods of up to 5 days were recommendad to Cipuiisate For
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Table 4. 5-day Bicchemical Oxvgen Demand (BOD_) and Bacteria Concencrations inm

100 mg/1l Phenoi Solutions With

and Without (Control) Water Hyacinths

E:peri:m:l:t lTa ':h Total BGDS' mg/1 mg Eu::nl::v5 . Bl:}:i‘;::mwad.-" Baeteria, Count/100 ml
L WHs,g | Initial | Tth Day removed/7 days (7 day exposure) Initial Tth Day
1. Coatrol 0 160 14 184 — 106 x10° | 250 x 10°
2. Control 0 160 120 160 2=z 18x10° | 51x10?
3. Control 0 160 115 180 -— 115x10° | 174 x 10°
i. w/WHs 155 160 35 500 3.2 110 x 105 61 x 3.||3:|'I
5. w/WHs | 200 160 37 4583 2.5 37 %10° 82 x 10"
6. w/WHs | 298 160 as 500 1.8 143x10° | 24 x 10"
7. Ceatrol 0 235 136 396 — 3x10° | 34x10°
8. Control 0 235 115 480 - 1x10° TNTC
8. Control 0 235 116 476 == 2 x 10 .
10, w/WHs | 120 235 2 836 7.0 1x10" | e0x10°
11. w/WHs 242 235 15 8BS0 3.6 1x10° 3 x 10°
12. w/WHs | 293 235 28 824 2.8 1 x 10} TNTC

Conditions: Mean Atmospheric Temperature: 29°C

-

Volume of Phenol Solution: 4 1
Depth: 13 em




%5 HP FLOATING AERATORS

ALGAE-
SURFACE
¥ %

2.20 ha surface (0.5 acre),
3,05 m deep (10 ft)

182,9 m (600 fc) .
||:1",-';

T WATER HYACINTHS

L

A m deep (3 )

WATER HYACINTHS

WATER HYACINTHS

== EFFLUENT

A B0y



%5 HP FLOATING AERATORS

ALG AE-
SURFACE

¥ %

.20 ha surface (0.5 acre),
3.05 m deep (10 f¢)

182.9 m (600 fr)

15.2 m

M so 10—

WATER HYACINTHS

v m deap (3 fr) T

WATER HYACINTHS

WATER HYACINTHS *= EFFLUENT
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Flygure 2, Water Hyacinth, Duckweed and a Combination Water Hyacinth=Duckweed
Sewage Treatment Systems Which Achieves Secondary te Tertlary Treat=
ment For Wastewater From 250-500 People.
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decroased bacterial activicy during cold weather, Detention timea of 15
and 5 days are proposed for the anserobic lagoons In Flgure 2 and 1 ra-
pectively, When surface aesrators are used, additional BOD removal at
the rate of 24 kg/hafday can be achieved,

The designs shown in Figures 2 and 1 are based on Influent wasco-
water containing 150 mg/l BODg. These designs assume a s50% BOD, remowval
Ln the flrst anaerobid lagoon. Water hyacinth covered lagoons can he
cipected Lo remove approximacely 1045 kg BOD,/hectare every seven days or
l&8 kg BODs/hectare/day based on the results "of the experiments and fLeld
data presentod in this paper and an average standing crop of 220 me/hec-
tare (100 ton/fac).

It terclary standards must be meét, the total nitrogen and phospharus
must be reduced to 3 and | mg/l, respectively. Assuming a sovage influ=
uint containing 35 mg/l kjeldahl nitrogen and 7 g/l total phosphorus with
i dally Increase and harvest rate of 57 plant masa, then the design In
Flgura 2 should achieve tertiary treatment lovels for the waste of 250
people and Flgure 3 for 1500 People. Thia is assuming a standing crop of
<20 mt/hoctares and a 0,91lm (1 f¢) depth In the ¢longated water hyacinch
lagoons shewm in Flgures 2 and 3. Total suspended solid concentrations
are reduced by wvater hyaclnth coverage due to shading cffects and pos-
Hibly nutrient roduction.

Plant material harvested from this type system can be processed inco
usable products. Studies at NASA have shown that the almplest product
produced from water hyacintha 1s COMPORE, & complete plant growch media
produced by aeroble decomposition. Plants such a3 cucumbers, squash,
curn, tomatoes, poas, sorghum, etc., have been grown suceessfiully using
decomposing water hyacinths as the sole source of so0ll and food,

Another potential produce from the harvested biomags 1 methane.
Hethane is produced by anaerobically digesting the frosh plapnt material,
Current experiments at NSTL domonstrate that 0,18 m? (6.3 fed) of me € hane
van bu produced per dry kilogram of plant material In 24 days or leass
“digustion time ac 37°C,

- Am engineering handbook on the construction of vascular aquatic
plant wastewvater treatment systems will be avallable by January 1980,
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